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SUMMARY

A lending investigation was conducted with a flying boat having a
conventional configuration to determine the applicability of hydrodynamic
impact theory in defining full-scale water impact loads.

The loads and displacements obtalned in landings of a full—scale
flying boat in smooth water in which little rotation in pitch occurred
end in which only the V—shape portion of the forebody was involved were
in good agreement wlth computed values based on general hydrodynamic
impact theory.

In the majority of the normal landings, the chines were immersed in
the free water surface at the time of maximum load. Because of the
lower dead rise on the curved-chine region, the local pressures on that
reglon were considerably higher than on the main plating, which had an
angle of dead rise of 20°. The resultant maximm loads for all cases of
chine immersion were about 60 percent greater than those computed for a
V—shape prismatic body having an angle of dead rise of 20° with no
allowance being made for transverse curvature near the chines.

In those impacts In which the aircraft rotated to a lower trim with
a fairly large angular velocity, the experimental loads in the early
portion of the impact in which only the V-shape portion of the forebody
was involved were considerably less than the computed loads, but thers
was no corresponding reduction in maximum load. >

The wetted semibeam was found to be approximately 40 percent greater
than the semibeam in the plane of level water.

INTRODUCTTON

In an endeavor to predict adequately the values of hull load to be
used. in the design of modern water—based aircraft, a hydrodynamic impact
theory (references 1 to 4) has been developed and verified with data
from controlled impact-basin tests for a V-—shape prismatic body entering
the water with fixed trim for a wide range of angles of trim, dead rise,

and. flight path.
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Flight tests of an amphibien—type flying boat were made in order
to determine the applicability of the theory to the case of the conventional
full-scale alrplane. Iaendings were made in calm water for & range of
angles of trim and flight path as wide as practicable.

The measured resultent loads and displacements are campared with
those computed on the basis of the impact theory and general observations
are made asbout certain measured quantities such as wing 1lift. No
attempt is made to determine quantitatively the effects of all the
factors that deviate from the simplified case of the immersing wedge
which was used in the derivation of the impact theory. The effects of
variation of trim during impact and transverse curvature near the chine
are discussed.

The measured wetted widths are compared with the width of the float
in the plane of level water and the ratio of these two quantities is
campared with the effectlve growth in beam which has been discussed in

previous papers concerning the hydrodynamic impact theory.

SYMBOLS
b beam in plane of level water
3\ 1/3
R3S he |6 sin 1 coser
Cy load—factor coefficlent 5 le 5
T 2 & | [2(8)]%g(a)ox
1/3
2
e | [£(8)] 7 9(a)on
Cd draft coefficlent |[y|=
¥ |6 sin T cos®r
1/3
2
£(B)]| " @(A)on
Cy time cosfficient |tV | [(e)] ¢
°© 6 sin T cos2T
c wetted semiwldth
g acceleration dus to gravity, 32.2 feet per second per second

1 wotted length along keel
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n._,_w impact load factor normel to water surface ngf:ﬁ>

t time after contact, seconds

Vn horizontal velocity of seaplane relative to water, feet
per second

Vv vertical velocity of step rela.‘b:!:ve to water, feet per second

W weight of seaplane, pounde

y draft normal to water surface, feet

z penetration of a given station, normal-to keel

f(B) . dead-rise correction to wa:ter masé (ﬁ —1l; B expressed in
radia.ns)

d(a) end—loss correcticn to total hydrodynamic load < - -E'“—I-T—>

2 tan B

B angle of dead rise, degrees

4 flight—path angle, degrees éa.n_"l %

K approach paramster

P nags denslty of water, %23—% pomnd.—ﬁsec:onds2 per. foot.lL

T trim, degroees

-rp trim at time of maximm load, degrees

w pltching velocity, degrees per second

Subsgcrilpts:

A pertalning to instant at which water line reached curved—
chine region

D . pertaining to instent at which water line reached chine

F pertaining to instant .at which water line intersected keel in

plene II' (See appendix B.)
max maximum

o at time of wabter contact

e ey e e e < A = o e A T e A s S T Tn et v e s o - e ae Swws e o= = n es -
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THE ATRPIANE AND INSTRUMENTATICN

The airplene used in the hydrodynamic load iInvestigation was the
amphiblan~type flying boat pilctured in figure 1. DPertinent information
ebout the alrplane is given in table I and the hull lines are shown in

figure 2.

Extensive Instrumentation was employed to obtain trim, vertical
velocity, horizomtel velocity, acceleration at the center of gravity,
wotted bottom area, and locel water pressures an the hull bottom.

The relative location of the Instrumentation in the flying boat
used in the Investigation of the over—all load is shown in figure 3.
The specific locatioms are given in tables IT, ITII, and IV.

The horizontal component of the speed of the alrplane relative to
the water was determined from measurements of the hydrodynamic head with
an inductive-type water—speed pressure gage which was mounted at the same
level as the keel near the forebody step as shown in figure 4(a). The
alrsgpeed, which is of help in defining the type of approach, was obtained
with an NACA airspeed recorder mounted above the pilot®s compartment as
shown in figure 4(b). The time history of the trim was obtained with a
gyroscopic recorder which was mounted in the floor of the cabin as shown

Jin figure U(c).

The verticael velocity of the forebody step relative to the water
surface at time of contact with the water was the most difficult variable -
to measure. A small 16-millimeter motion—picture camere was mounted near
the tip of the wing, as shown in figure 4(d), so that it was focused on
the regilon around the forebody step where a retractable rod 3 feet in
length (vertical-displacement indicator) was installed as shown in
figure 4(e). The exact procedure followed in obtaining the vertical
veloclty through the use of these devices 1s explalned in appendix A.

The dcceleration of the center of gravity measured normal to the
keel was obtained with two accelerometers. One was an NACA optical—
recording three—component accelercmster having a natural frequency of
the verticael component of about 19 cycles per second. The second
ingtrument was an inductive—type accelerometer heving a natural frequency
of about 40 cycles per second. Both accelerometers were mounted '
rigidly near the cemter of ‘gravity as shown in figure L4(f).

The wetted bottom areas were determined by the inspection of
records showing times of Immersion of varlous pressure gages and water
contacts which were located along the bottom as shown in figure 5.
The flush-mounted diaphragms of two pressiure gages may be seen in
figure 4(a). The water contacts, which are not showvmn in this figure,
were small spark plugs which were adapted so as to cause a small
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necn bulb to light when water passed over a plug and closed the electric
circult through each plug. The wetted lengths used in conjunction with
the corresponding ingtantaneous values of trim provided the time history
of the vertical displacement of the step below level water.

The amplifying and recording equipment used with the pressure gages,
the Inductive—type acceleramster, the NACA alrspeed recorder, the water—
speed pressure gage, and. the frame counter for the wing camera is shown

_ in figure 6.

PRECISION OF MEASUREMENTS

The following values are estimated accuracles of reported experimental
data based on both ingtrument and reading error:

Vs POrcent o o v v v v vl s e s e e e e e e e e e h
Ve, percent o o o ¢ v o o s o o 0 e i i e s s e s e s s e s s s . . HO
T, dOGTOOB « ¢ ¢ ¢ ¢ o ¢ o 4 o o o o o s o o s s o s s e s e s o« 2025
g, POrcent . .0 .l 0ol e s e s s e e s e e e e ... HO

y’ feet . . . . . . . o e . . . . . . . . . . . . L - . io.03

Wing 11ift, nm_'l.tiples of airpla:ne welght « ¢ ¢« ¢« v ¢ ¢ v ¢ ¢ o o » «» £0.05
Pressure,poundspersquareinch................. =

THEORY AND METHOD OF APPLICATTICN

Impact Theory

The loads on V-bottom seaplanes have been analyzed for simplified
conditions in references 1 and 2. In these references it was assumed that:
(a) the trim remained fixed, (b) the prismatic V-section was sufficiently
long so that the pulled—up—-bow reglon, which is Indicated In figure 2,

did not enter the water, and (c) the wing 1ift was equel to the weight of
the alrplane. With these agsumptions it was shown that the loads and
motion of the meaplane could be represented in generalized form by means
of the followlng dimensionless veriables:

Load—factor coefficlent

1/3
D18k [6 8in T cos®r

Ty 2\8 |[£(p)]2(a)on

Cqy =

[ . e e h e e e e e e ———— - g
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Draft coefficlent

1/3
oy g [2(8)]24(a)px .
W 6 sin T coser
Time coefficient
1/3

2
o =ty (& JIE(BY “ga)on
K TolW 6 sin T coser

These nondimensional coefficients were shown to be related to each

other at all instents during an impact by the approach paramster =k,
which 1s dependent upon the initial conditions of trim and £flight path,

sin 7 cos(T + 7,)
where Kk = . For a glven value of k, the verlatlon of

sin 7,
each of these coefflicients wlth any other was represented by a single
curve. The variations of C3 and Cy; with C;, as taken from reference 2,
are shown in figure 7. Thus, for any angle of dead rise, angle of trim,
or vertical velocity, impacts having the seme value of Kk were shown to
have time historles which were mdthematically similar. Each value of k,
howsver, identifies a different time-history shape. The absolute values
of draft, time, and acceleration, which may be obtained from the dimension—
less coefficlents, are dependent upon the gecmetric properties of the
seaplene, the welght, the iInitial vertical veloclty, and so forth.

It was also shown that varliation of the maximm values of the load—
factor coefficient with the approach paramster k could be represented by
a gingle theoretical curve and that all experimental data for the condi-
tlons which were represented in impact—basin tests lay along thlg curve
for a wlde range of test conditions. This curve is the heavy—llne curve
in figure 8. )

Application of Theory to Flight Data

The cross section of the hull bottom as shown in the line drawling
of figure 2 was a V—sectlion at the ksel wlth transverse curvature near
the chine. In the treatment of transverse curvature of a scalloped-
bottam float which wes presented in reference 3, a theoretical method
was presented for calculating the loads on curved bottoms. However,
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it was felt that the additlonal complexity introduced by consideration of
transverse curvature was not warranted in the present investigation. As
a result, the effects of chine flare on the maximm total loads are
neglected and a constant dead—rise angle of 20° 18 used throughout the
analysis. In addition, the beam is assumed to be infinitely large, so
that the chine is not considered to be immersed.

Water Pile-Up

One factor that i1s of interest in the application of the theory to
the actuel seaplane is the trensverse water pile-up that appears in the
case of an immersing float. In reference 2, which is concermed with a
stralght—side V—bottom, this pile-up was Interpreted as being an effec—
tive growth in width in which the wetted width 2c¢ was equal to the

-1
product of the ratio 26— and the beam In the plane of level water.

The determination of tﬁgtagtual plle—up is desired in that it defines
the area upon which the load acts. The actual growth of width which was
obtalned by amalyzing the measured wetted areas 1s compared in the
section entitled "Measured Water Pile-Up" with the effective growth as
indicated by the theoretical impact equations. The comparison is
arbitrarily made on the basis of depth dimensions rather than width.

TEST PROCEDURE

Landings were made in calm water and the measured approach variables
at time of water contact for the impacts amnalyzed in this report are
given in table V. As noted in the last columm, these impacts were
frequently the second or third impact during e landing.

The center—of—gravity accelerations measured with the NACA optical—
recording “three—camponent accelerometer are given as Paired values in
figure 9; the actual record had oscillations similar to those recorded by
the iInductive—type accelerometer. . The acceleration value at tims of
forebody cantact was used as a reference, and any subsequent variation
from that value was Interpreted as being due to the water load.

RESULTS AND DISCUSSION

The data are presented in the form of maximum nondimensional load—
factor coefficlents which vary with the approach parameter k as
shown in figure 8. The corresponding values of the variable used in
computing the maxinmum load—Ffactor coefflclemte for the actuel impacts

Sem e e e cn e —— e = e - .- — e ——— -
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are given in table VI. The date are assorted as to type of impact;
that is, whether omly the V—shape portion of forebody is involved,
whether the chine is immersed, or whether the bow reglon or the after—
body 1is Involved.

Typical time histories of experimental .loads end drafts as
compared with computed time histories based on figure T are glven in
figure 9. .

The approximate instant of bow immersion, chine immersion, and
8o forth are indicated by letters on the figures asg follows:

A water pile—up reaches curved—chine area; y = yp = 0.73 feet

B pulled-up-bow region enters water; wetted length is 156 inches

C level water passes chine; y = 1.17 feet

D water plle—up reaches chine; y = ¥p = 0.9 feet

E point of application of force rea-.ction is under center of gravity

The values of Ya and yp which are listed are based on the

relatlionship between actual draft and the wetted depth which was
determined by the method explained in appendix B. The water plle—ups
as determined for a number of lmpacts for which accurate wetted arees
were avellable are listed 1n table VIT.

Chine sbove Ievel Water at Time of Peak Ioad

The first reosults which are discussed are those from impacts
which most nearly represented the simplified case upon which the theory
is based; namely, forebody lmpacts In which only the prismatic portion
was involved at time of peak hydrodynamic load. Such impacts are
represented in figure 8 by the circles. Good agreement bel sen experi—
mental points and the theoretical curve for the maximm load factor
exists for this condition. Thls agreement 1s further 1llus.rated by
the time histories of the experimental and computed loads (figs. 9(a)
and 9(b)) for two impacts in which the maximm load factor was reached
prior to chine immersion. The time histories, for most lmpacts, show
that the experimental values of the load are slightly less than the
computed velues In the esrly stages of the impacts. This difference
can probably be attributed largely to the fact that the trim of the
elrplane decreased during the impact. The effect of the variation of
trim on the loads 1s discussed in detall in a subsequent section.
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Chine Immersed at Time of Peak ILosad

Reglon of forebody having constant cross section involved.— Although
most of the landings were comparatively light (see table VI), it was
observed that the chine usually became immersed prior to time of peak
load. During some impacts of this type anly the portion of the forebody
having constant cross section was involved at time of peak load. Such
impacts are represented in figure 8 by the squares without flags. Impacts
in which the afterbody was involved at time of forebody contact but was
not involved at time of peak load are represented in figure 8 by squares

having flags.

For impacts of these types the maximm experimental loads are always
greater than the computed loads, the approximste mean of experimental
values (as indicated by the dash—line curve) being about 60 percent
higher than the theoretical curve. The time histories given in figures 9(c),
9(e), 9(g), 9(n), and 9(i) show that the experimental and computed loads
were in good agreement until the water line reached the curved-chine
region. After this time, the reaction moved forward of the center of
gravity and the load Increased and exceeded the corresponding computed
values based on a V—shape cross section wilth no transverse curvature.

This increase in load is attributed principally to the high local pressures
(due to the lower local dead rise) on the curved-chine region; these
pressures exceed those on the adjacent region nearer the keel. This 1g
evidenced in the presentation in figure 10 of typlcal pressure distribu—
tions which were based on pressures measured during run 15.

Pulled—up—-bow reglon of forebody Involved.— In two extreme cases
the trim and displacemsnt were such that the pulled-up-bow region was
involved before peak load was reached. The immersion of the bow has
two distinct effects on the total load. Because of the pulled-up section,
the actual wetted length in the plane of the water surface after the
water line reaches the bow reglon 1s less than that which would be
obtalned if the hull were ceompletely prismatic and the keel continued
forward indefinitely In a straight line. This reduction in wetted
length would tend to meke the load after bow immersion somewhat less
than thet predicted by the theory for a prismatic form. This reduction
is, however, somewhat offset by the Increased local trim of the bow
reglon so that the load would tend to be increassd.

These impacts are represented in figure 8 by the triangles,and
their time histories are shown in figures 9(d) and 9(f). In these
impacts the experimental peak load was less than the camputed load.

In run 22, which is presented in figure 9(d), the effect of the pulled—
up bow in reducing the peak load 1s Indlicated as the curved—chine
reglon did not became appreciably involved until after time of pesek
load. .

e e e s s ey P At T = At A ———_ T & i+ ot i e e e S
e et e o e A —— T pa e e .
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Effect of Angular Rotation during Tmpact

The step of the alrplame used in the tests was located about 30 inches
aft of the center of gravity so that the reaction remained aft of the
center of gravity until a forebody wetted length of about 90 inches was
reached, since the cemter of pressure is approximately one—third of the
wetted length forward of the step. (See reference 5.) The instant at
which the point of application of the force reaction was under the center
of gravity is indicated on the abscissa of figure 9 by the letter E.
Because of the location of the step relative to the center of gravity of
the airplane, the ailrplane rotated downward after water contact.

Downward rotation caused a reduction in load in the early part of
the impact (before the chine—flare reglon beceme immersed) because of the
decrease in trim which results in emaller water loads, but there was no
corresponding reduction in maximm load. The effect of rotation was
most noticeable in high—trim impacts in which the afterbody contacted
the water before the forebody, so that high angular diving velocitles
were present at the time of forebody contact. There was a reduction in
load in the early part of such an impact as compared to an lmpact which
had no angular velocity, as can be seen fram a comparison of figures 9(J)
and 9(i). The reduction in load during the early part of the lmpact
permitted the hull to immerse more deeply then if the airplane had )
remained at fixed trim, and so the chine flare was immersed at a vertical
velocity only slightly less than the initial value. This fact is
evidenced in the nearly linear displacement curves of figure 9 up to
Y =7YA (the point at which the water pile—up reached the curved—chine
area). As a result of the high vertical velocities which exlisted when
the water surface reached the chine—flare region with its lower dead
rise, high local pressures were attained in the reglon of transverse
curveture and the measured maximim loads were always greater than the
loads computed for fixed—trim impacts on the basls of a straight—side
V—shape cross section. This result was obtained regardless of the
relative magnitude of the pitching velocity at the time of forebody

impact.

It cen be determined from figure 8 and the data of tebles V and VI
that the two squares with flags that 1lle closest to the computed curve
are those for the impacts having the highest angular rotetion, approxi-—
mately 16 radians per second, that those lying the farthest from the line of
calculated values have angular veloclties of between 8 and 11 radians
per second, and thet the remaining points lie in between the two limits. In
all computations the trim at time of forebody cantact was used. If
the trim at time of meximum load were used in computing the maximum
load factor, it is seen by the two typicael transposed points in figure 8
that the polnts representing impacts with highest angular rotation
(the points represented by squares with flags closest to the theoretical
curve) move closer to the dashed line drawn through the squares that
represent impacts having lowest angular rotation in which the trim does
not chenge appreciably before maximm load is reached, whereas the
group of points lying farthest from the curve moves even farther from
the curve.



NACA TN No. 1781 11

The accuracy of the test date and the limited number of runs
avallable are not sufficient to permit the experimental determination
of the relationshlp between the magnitude of the angular velocity and
the maxlimm loead.

Measured Water Pile—Up

The effective wetted wldth which occurs in a transverse plane is
glven by the impact equations as follows: '

%-—1
2c = b
cot B

If this equation is used for predicting pile—up for an angle of dead.
rise of 20°, the growth in beam and the corresponding growth in depth
due to piled-up water is found to be 27 percent. As observed in table VII,
which presents actual measured pile—ups, the average measured wetted
width waes of the order of 4O percent greater than the beam in the level
water surface on the part of the plating having an angle of dead rise
of 20°. The accuracy of measurements in a flight test does not permit
any exact determination of the effect of pile-up on the total load, so
that the value 40 percent has no known relationship with total load but
has been presented since such information is useful in defining the
plating upon which a glven load acts. The pile-up.on the curved—chinse
region with its lower angles of dead rise would be expected to be
greater then 40 percent. However, as seen in table VIL, the plle—up

at the time the water line passes the chine is also about 40 percent.
The significance of this is not clear since the actual behavior of the
water line between the time it passed gage 16, which was on the outer
edge of the V-shape portion of the hull, and the time it reached the
chine could not be determined since no pressure gages were placed in

- that region. The apparent water line near the chine as determined by
the peak pressure on gage 17 may have been affected by the discontinuity
at the chine and the accampanylng end losses which would affect the
plle-up at the chine.

Effect of Wing Lift

In table VI it is noted that for a majerity of the impacts the
float 1s actuaelly accelerating downward at time of water contact so
that the apparent 1ift on the wing is as low as two—thirds of the weight
_of the alrcraft. No significance has been attached to this fact with

regard to resultant load variation since the effects of chine flare and
rotation in pitch upon the load appear to be the ssme regardless of
the amount of wing 1ift at contact.



12 NACA TN No. 1781

SUMMARY OF RESULTS

1. The experimental maximm loads obtained in impacts which
involved only the V—shape portliom of the forebody and in whic¢h the
alrcraft experienced 1little change in trim were in good agreement with
computed values obtalned fram the applicatlion of gemeral hydrodynamic
theory.

2. Experimental time histories of loads and displacements for
those parts of the impacts in which only the V—shape portion of the
forebody was involved were in reasonable agreemsnt with theory for all
impacts except those in which high inltlal angular velocitles were
present at time of water cantact such as in forebody impacts following
an initial contact of the afterbody.

3. In the impacts in which the forebody chine was immersed in the
free water surface at time of peak load, the experimental peak loads
were about 60 percent higher than the computed values which did not
take into consideration the effect of the gradual transverse curvature
near the chinses.

4. Tn impacts in which the nonprismatic-bow reglon was involved
before peak load was reached, the experimemtal maximum load was less
than the computed load. :

5. Dowvnward. rotation caused the following effects:

(a) Reduction in load during the early part of an 1mpa.ct but
no corresponding reduction in the maximm load.

(b) The reduction in load during the early stages resulted
in a greater pemnetratlon of the hull and delayed the reduction of
the vertical velocity of the alrcraft so that the chine flare was
imersed at a vertical veloclty only slightly less than the Initial
value. This resulted in high local pressures In the region of
transverse curvature, so that the maximm measured loads were
greater than the computed loads.

6. Iimitations in the test data did not permit the experimental
determination of the relationship between the magnitude of the angular
velocity and the maximm load.

T. No significance has been attached, with regard to resultant loa
variation, to the fact that the wing 1ift was as low as two—thirds the
weight in some impacts since the effects of chine flare and rotation ir
pitch uporr the load appear to be the same regardless of the amount of
wing 1ift at contact.

8. The measured wetted width was approximately 4O percent greater
than the beam in the plane of level water.
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CONCLUDING REMARKS

In addition to chine flare and angular rotatlon, there are many
other factors that may affect the over-all load, including elasticity
effects, sustalned pressures an area behind the intersection of the
chine with the water (this is neglected in impact theory), and the
effect of variation of wing 1ift during impact. Nevertheless, when
the £f1ight condltlions correspond to those for which the theory that
neglects these factors was developed, the agreement between experi—
mental and calculated results appears good.

Langley Asromautical Laboratory
National Advisory Commlttee for Aeromautics
Langley Field, Va., September 1%, 1948

T e
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APPENDIX A

PROCEDURE FOR OBTAINING INTTTAT, VERTICAL VELOCITY

With the aid of the £1lm record, measurements normal and parallel
to the forebody keel line were made of the dlstance from the point of
Intersectlon of the rod with the water surface to a reference cross on
the gide of the flying boat as ghown in the sgketch:

\Tlx

where

= 1.1 feet

o
|

= 1.35 fest

reference point

n « o

point of step
Xx! keel reference line

Zgp and Xp distances measured normal and parallel to keel reference
line, respectively

0] intersection of rod wilth water surface

The measured velues X and Zp are then referred to the point of
the step, so that, as shown In the followlng sketch,

I

Ig + 1.1 (1)

x5

b9
v
I
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S~

—A—
W

orizontal water
reference line

The time history of the actual displacement of the step normal to

the water surface yg before contact of the step with the water may he
obtained from the measured time history of the trim since

yg=Xg 8in T+ Zg cos T : (3)

If the Fflylng boat maintained constant trim before contact, the

resultant displacement as obtalned from the camera record was usually
linear as shown in the following sketch:

hr 2 - \A
] N

8 o —8— —E o B
& X, ‘ NL)

. R o
F2r o OZg woor N

-0 o /
o o~ N
L [ L 1 '—2 (] L 1
260 270 280 290 -8 -k 0 A

Frame number Time after contact, seconds

In this case the vertical velocity at conta.ét » ﬁiCh is the slope of”
the 1line OA, could be determined with reasonable aécuracy, within
5 percent. The smhll dashed line 1s the dlsplacement after contact

with the water which was obtained from the time histories of the wetted
. length and trim.

However, for a second impact, a flared landing in which the air— '
craft changed trim, the resultant displacement was nonlinear:
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b er N
o 2
B ~
& 0 Xp B
~ ol ) O
g e, E o f g g
B 6)@% s -
o} S . e
& N
) L 3 ._e 1. I L
160 170 180 190 -8 - 0 N

Frame mumber Tims after combtact, seconds

A mean tengent 0A wes drawn to the curves represanting displacemsnt
before end after contact. In this case, the vertical velocity at contact

was rather difficult to determine and so the accuracy was of the order
of 10 percent.,

Velues of Xp end Zp for use in equations (1) and (2) were read

from the curves, shown as dashed lines in the precesding time histories,
" that were faired through the experimental data. The scatter in the

experimental data resulted from the presence of ripples on the surface

of the water. The resultant displacement before contact of the step with

the water, obtained by using equation (3), is indicated by the solid-—

lins portion of the curves in the time histories and is actually a
faired value.

R T -
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APPENDIX B
DETERMINATION OF WATER PILE-UP

In order to define the draft y, at which the water line reached
the curved—hine region and the draft yp at which 1t passed the chine,
the transverse water plle—up was determined for a number of impacts.

The comparlson of the distance below level water with the actual wetted
depth was made for a transverse plane II! which was 31.6 inches
forward of the step and the behavior of the water line In the transverss
plane at the step was assumed to be similar.

The oross section of the plane IL! and the location of the gages
that were mounted at the edge of the V—ghape portion of the forsebody
end at the chine are shown in the following figure:

(YD - YF)
(yp — Yg)/cos 7 cos T

Four additional pressure geges were mounted In this plane at the locations
specified in table ITI. The pressure gages recorded the average pressure
acting on a clrcular area 1 inch in dlameter. The high pressures that

are assoclated with the water line clearly ldentifled the travel of the
water In the specified plane and along the keel. Plots were made of the
wotted beam and the wetted length ageinet time and values were read from
each curve at the time that gages 16 and 17 were loaded. The actual
drafts y, end yp Wwere obtalned by multiplying the wetted length 1

by the corresponding values of sin 7. The plle—ups then becams available
as the ratios of the wetted depths z, cos v and zp cos v to the

corresponding Increments of draft Yo —7p end yp — yp.

S e e - —_ e
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The determination of the pile-up from the time history of the wetted
length is given for run 18 for which =+ = 6.5°:

5160- _ﬂ
gleo IE
Q o~
~ 80 140 g:ﬂ
3 o
g %0 20 ﬁg
:gp-l

(o]

As gage 16 1s immersed

1 = 95 1inches
and
¢ = 29 Inches
therefore
Ty = 10.8 inches

Since ¥y = 31.6 sin v = 3.6 inches, and z, = 10.1 inches,

Zp COB T
'A—-’ = lah’o

The plle—up that occurs when gage 17 is Iimmersed can be determined
by the seame process where zp 1s equal to 14 inches.

The relationshlp between the wetted beam and the wetted depth 1s
as follows:

N————— -—— - - —_———————— . — - - 5 -
- : - S
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yp = JF
b _ cosT
2 tan B
therefore
¢ | &pCOBT
b/2 ya — YF
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TABLE T

NACA TN No. 1781

GENERAT, INFORMATION ABOUT FIYING BOAT USED IN FLIGHT TESTS

Normal gross welght, pounds . . « « ¢ &« &« « . .
Approximate flylng weight durlng tests s

Stalling speed (flaps down), knots .
Wing span, feet . « « o« &« ¢ + & &
Wing root chord, feet . . « . . .
Mean aserodynamic thord, feet . .
Wing area, squars feet
Center—of—gravity position,

percent mean asrodynemic chord . .

feet framdbow . . « . . o o . .
Beam of hull, feet
Distance from main step to bow, feet
Moment of inertila, slug-feet squeare .

pounds

* o e s o
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Ins v Tree (Refarred to c.g. or point of step).
1 FACA optioal-recording three—ocamponent acoelercmster|6 in, farward, 3 in. below, 8 in. to starboard from o.
2 Induotive—type acoelerometer L in, forvard, 3 in. below, 6 in, to starboerd from o.g.
3 Gyroscoplo trim recarder {12 1n, aft, 60 in, below, 20 in. to port from c.g.
h WACA pirmnasd ransmdan ML forvard of sber, on top 10mlaoa rm Aaambom
- SHRAL Gk o e U LT i s FELL WL DUl W WWY V4 LUDUdonc W Yool
lins
S RACA optlocel trim reocorder 190 in. forwu.rdofstop,cm.tqpoffualaga 3 in, to
sterboard of center line
a Tt~ nomayes A 4w Prrmmaad  THE 4w ahrom LAO 4 ks mdkaadhanaed B
v WLl OOIUDL G IV Alds J.UJ.HE-I.'U.J T Ll IJUI'U, vl . =] [BAN SN AU iy
) point of step *
i Vertical—displacement indicator Pivobt 13.2 in. aft, L.k in, a.'bove, L in, to port of
point of etep
8 Water—spesd jressure gage 15 in. forward, aris parallel to kesl, 11 in. to star—
beard of point of atep
9 Pressure gages (Bes tabls IIL.)
10 Weter—contact indicator {(forebody) Point of step
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TABLE ITT

PRESSURE-GAGE LOCATTORS

NACA TN No. 1781

[See figure 3; all measuremsnts are made to

the center of the pressure gage]

Tongitudinal Normal Transgverse
distance forward distance distance
Gage from step from from keel
(in.) base line center line
(2) (in.) (in.)
1 215.0 6.4 2.5
2 188.0 2.3 2.2
-3 162.8 T 2.2
4 149.8 .5 2.2
5 122.4 5 2.2
6 92.5 .5 2.4
T 92.5 5.8 17.0
8 92.5 11.7 32.0
9 92.5 13.8 k3.5
10 81.5 5 2.2
11 58.6 .5 2.2
19 31.1 5 2.5
13 31.1 2.2 7.2 -
14 31.1 k.o 12.0
15 31.1 5.8 17.0
16 31.1 9.9 28.5
17 31.1 13.8 k3.2
18 18.8 .5 2.2
12 5.5 5.3 2.2
20 -77.8 15.4 2.2
o1 —131.0 22.9 2.2
22 -176.0 29.2 2.2

85tep reference is 255 inches

from bow. A1l longitudinal
measurements made parallel to base line, which 1s shown
in figure 2.
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TABLE IV

WATER-CONTACT LOCATICNS

[See Pigure 5]

23

Longitudinal
digtance Forward Rormal distance Transverse
Contact from step from base line distance from
(in.) (in.) keel cemter line
(1n.)
(a)

1 239.0 15.2 12.0
2 230.5 15.2 11.8
3 210.0 19.1 22.5
L 198.0 3.9 6.0
5 187.5 17.9 35.2
6 182.5 i 25.5
T 175.2 2.7 6.5
8 154%.0 9.9 22.5
9 139.0 2.2 1.5
10 126.5 8.0 22.5

1 116.2 2.2 7.5 .
12 112.0 13.2 39.0
13 93.5 2.2 7.5
1% 93.5 T.7 22.5
15 5.5 2.2 7.5
16 73.5 7.7 22.5
17 54.5 2.2 7.5
18 52.5 7.7 22.5
19 k5.5 T.7 20.5
20 38.2 2.2 7.5
o1 29.5 13.8 42,8
22 24.8 T.7 20.5
23 7.4 2.2 7.5
o)l 2.5 2.0 8.8
25 2.5 8.4 24,5
26 -2.5 6.5 7.5
27 -17.3 k.1 22.5
28 —oh.7 10.0 . 1.5
29 —10.5 17.h 22.5
30 48.5 13.0 7.5
31 -66.3 21.0 22.5
32 k.2 16.6 7.5
33 —92.0 2kh.6 22.5
3k -1.00.0 20.2 7.5
35 ~119.0 27.9 22.5
36 -128.0 23.6 7.5
37 —1k2,0 29.1 23.0
38 -151.0 26.1 6.8
39 -170.0 28.1 2.8

8S5tep reference 1s 255 inches from bow. All longitudinal meagurements

made parallsl to base 1line, which 1s shown in figure 2.
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TABLE V

LANDING CONDITIONS

T @ Wing 11f% Alrgpeed
Run (de%) Vv Vi, (deg?sec) at cantact| (p¢ /ec )| TpECE
(£t /sec )| (£4/sec) (a) (g)
1{ 3.6 1.1 126 ~0.7 1.0 126 2
2] 5.7 1.4 106 -1.7 1.0 119 2
31 6.2 7.5 83 -9.2 .8 98 3
Y| 7.1 1.2 105 0.3 1.0 123 1
51 7.2 .9 110 1.8 1.0 121 1
6 7.k 1.0 113 1.2 1.0 120 1
71 7.6 1.3 112 1.0 1.0 119 1
81 7.7 2.0 105 4.9 .8 11k 2
9 | 8.2 1.4 95 -1.7 1.0 112 1
10 | 8.4 2.1 103 2.6 1.0 117 1
11 | 5.2 | k.0 99 -3.5 .7 103 2
12 | 5.4 k.o 106 0 1.0 125 1
13 | 5.7 | 3.5 90 4.7 .8 112 2
ik | 6.0 k.5 83 -2.8 T 95 3
15 | 6.0 k.6 95 4.9 .8 98 2
16 | 6.2 3.25 110 0 .9 126 1
17 | 6.4 3.25 89 -1.1 .8 103 2
18 | 7.4 | 6.5 102 4.2 .9 108 1
19 | 7.5 3.5 96 4.k .8 104 2
20 |1 7.8 6.3 9L -2.6 .9 103 2
21 | 8.1 3.25 82 =3.0 T 97 3
22 | 3.0 9.1 98 -6.0 .8 112 2
23 | 5.7 7.5 b -5.0 .8 101 2
24 | 9.9 3.25 0 -13.0 .8 101 2
25 [10.0 L. T9 -16.0 T 98 2
26 |10.1 1.9 ok -8.0 .9 110 1
27 |10.1 2.8 91 -9.0 .9 103 2
28 (10.1 3,0 89 —12.9 .9 112 2
29 [10.7 2.9 93 -13.0 1.0 110 1
30 [10.8 2.k 8o -8.0 .8 98 3
31 |10.9 2.9 88 -11.0 .8 103 2
32 |11.h4 k.o 89 -15.8 .9 101 2

SNegative values indicate decreasing trim; positive values

indicate increasing trim.
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TABLE VI

VARTABLES USED IN COMPUTING THEORETTICAL COEFFICIENTS
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Figure 1.- Amphiblan~-type flying boat used in landing investigation.
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Figure 2,- Hull lines of flying boat used in flight tests.
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= M Port.

NACA optical -recording three-compon;:nt accelerometer 6. Wing camera

Inductive-type accelerometer 7. Vertical=displacement indicator
Gyroscoplce trim recorder 8. Water-speed pressure gage
NACA airspeed recorder 9. Pressure gages

P HPUT S S, . SR Ny . [

INACA optical trim recorder Water-contact indicator (forebody)

oY
o

Figure 8.- Location of Instruments in flying boat,
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(a) Water-speed pressure gage. ‘ (b) NACA airspeed recorder and
NACA optical trim
recorder,

(c) Gyroscopic trim recorder. (d) Wing camera.,

Figure 4.- Installation of instruments in flying boat.
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(e) Vertical-displacement indicator.

A:\:L‘ b ]

(f) NACA optical-recording three-component
accelerometer A and inductive-iype
accelerometer B.

Figure 4.~ Concluded.
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Installation of amplifying and recording equipment in the main

cabin,
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Figure 6.-
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Figure 7.- Theoretical variation of load factor and draft with time.
(Reproduced from figures 8 and 8 given in reference 2.)




Maximum  fad-factor coefficrent, )

20 - —
40 :
. " ] Theoretical T
O Chine urimmersed : (reference £) \>J
O Chwne inmersed . ' ' >4
O Chipe ymmersed; afferbody involved ‘ gl |7
af limg of contact 4 7 2
0 A Ctine and bow region immersed B e pta
: -
L L
Bl el
pe) A ’jﬁ o, g/ J
-
JQEE/V
3
i 0 w.d L
‘y@‘/
-+ d .
//
LO — A _
K :
N4 O J : A L0 ‘ 4 0 40 /00
Approach parameter, £ . A,

Figure 8,- Comparison of maximum experlmental and theoretical load-factor coefficients.

IRLT *oN NI YOVH



et s b e .

“er [ g
£ —_
i®, . — :
- £ —Thecrerical - o
§ —-Experimental g)
8 L ——inductive-type | =t TS
AR acceferomerer A
& o NACA orcel- ra
E.] 7 1 1 1 ! &"&’7}6‘7‘&"‘ l \ 1 ! )

i ‘ 5w

5

Normal/ /foad
”tAW’ ﬂ
~
D
]
= gty
S
=

2
\\

L

e
e e =

0 2 -+ 5 8 P } % y
7ime , Sec ime , sec
(a) Run1: vVo = 1.1 feet per second; (b) Run 3: v = 7.5 feet per second;
Vho = 126 fest per Becond;wo = 0.7 vho = 33 feet per second; ""o m =P, 2
degrees per second. degrees per second.

(=2 o

Figure 0,- Comparison of experimental and compuied'trims, loads, and displacements, The
following notation is used: A, water pile-up reaches curved-chine region; B, pulled-up-bow
region enters water; C, level water passes chine; D, water pile-up reaches chine; E, point

af ammlicatdon of forre rornann ig under center of wnvi'hr

Wl G LN AR WL L WL LW e ol AW AR B WAL Ak W ekl e e B+ ey

T



/0 _

§ - o
& —

I 0 1 1 1 ] i | 1 4|
- 2 —Theorerical _ '
E ’— —-Lxperimenia/ P
Ea:\ / F . - T “‘"/f?&"b’t’.‘f/‘r‘é‘*/‘"@ﬁ L g-/ \"
3 4 aceromers A
& & o NACA gccal-
G o ] ] ] i gromerer _li ] 1 1 )

L.0- AN
By ' .
g A i i / l‘! \ [A\
R )| Il P/\ \9\ /3,
g3 PIVAY TV
kﬁ S 40 L /\ | |' | vy ‘\1
3 \ 9 ‘?\/\ P b
i \iy/
‘i \ \l \ L’
s | f [ 1¥ B :
Al
: L‘G‘ ?t Vi ~——

o/ o .3
7ime , see

(¢) Run 21: VVo = 3,26 feet per second;
Vho = 83 feet per second; «, = -3.0
degrees per second,

Figure 9.-
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. lime , sec

, (d) Run 22: Vvo = 8.1 feet per second;
Vho = 88 feet per second; w, = -6.0

degrees per second.

Continued.
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(f) Run 23: V, = 7.b feet per second;
(o]

vho = 84 feet per second; w, = -5.0
degrees per second.
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(g) Run18: V, = 8.5 feet per second;
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Figure 9.~

(h) Run 20: VVo = 6.3 feet per second;
Uy, = 94 feet per second; Wy = ~2.8
degrees per second,

Continued,
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Figure 9.- Continued,

Run 29: vVo = 2.9 feet per second;

Vho = 93 feet per second; w, = -13.0
degrees per second.
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(k) Rum 27: VVo = 2.8 feet per second;
Vho = 91 feet per second; ¥, = -9,0

degrees per second,

Figure 9.- Concluded.
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(1) Rum 32: Vg, = 4.0 feet per second;
vho = 89 feet per second; w, = -15,8
degrees per second.
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